From all potential inorganic supports, the mesoporous silica gel MCM-41 (mobile crystalline material) was selected as most appropriate because of its advantages (21-24): (i) retention of a constant exposed surface area, in contrast to conventional polymer beads that typically swell and shrink variably in different media, resulting in unpredictable effects on the catalyst activity; (ii) the greater robustness of MCM-41 than organic 
polymers and inorganic solids and, particularly for types with a structured surface, a considerably larger area; (iii) anchoring the active catalytic species on a larger surface area would help to overcome the activity loss (due to an inefficient interfacial mass transfer between the liquid phase and the solid), currently encountered in passing from homogeneous to heterogeneous catalysis; (iv) the MCM-41 solid support consists of an ordered array of hexagonal channels with the pore diameter in the mesoporous region, allowing lower resistance to diffusion of the reactant molecules accessing the metal active sites that are located within the channels (vs. nanoporous zeolite supports). The methodology followed in preparing the MCM-41 supported catalyst systems 32-34 implies the prior synthesis of the immobilised Ru precursors 35-37 endowed with an anchorable tris(alkoxy)silyl functionality, followed by tethering onto the mesoporous silica surface (Schemes II-IV). Chemical tethering, as employed for 32-34, is one of the best strategies for anchoring a homogeneous catalyst to a solid support, in view of its minimising leaching behaviour. Structural measurements on the above immobilised complexes carried out by X-ray diffraction (XRD), N2-adsorption analysis, Raman spectroscopy, X-ray fluorescence (XRF) spectroscopy and solid-state nuclear magnetic resonance (NMR) spectroscopy evidenced that in all cases, the homogeneous catalyst is anchored to MCM-41 via a spacer having two or three covalent bonds. 
Immobilisation via the Arene Ligand
Arene ligands coordinated to Ru have also been employed to immobilise homogeneous complexes onto solid supports. This approach has been used by Akiyama and Kobayashi (25) to prepare the polystyrene-bound Ru-allenylidene complex 38 (Scheme V). Surprisingly, catalyst 38 showed wideranging activity, for example in RCM, hydrogenation and cyclisation reactions of olefins.
Immobilisation via Anionic Ligands
A totally different protocol for immobilisation of Ru complexes has been devised by Mol et al. (26) . Taking advantage of the capacity of anionic ligands to create strong bonds with Ru which remain intact throughout the entire catalytic cycle, the authors used such ligands to generate a permanent covalent link between the Ru centre and the support. Using this method, they replaced the chloride ligand from the first-generation Grubbs catalyst Cl2(PCy3)2Ru(=CHPh), 2, with a carboxylate group attached to a polystyrene (PS) resin via a strongly electron-withdrawing tether, finally gaining access to the immobilised Ru complex 39 (Scheme VI).
Complex 39 was very active and versatile in selfmetathesis of internal olefins (trans-decene and methyl oleate) and RCM of α,ω-dienes (diethyl diallylmalonate); it could easily be separated from the reaction products, resulting in virtual freedom from Ru contamination. Additionally, catalyst 39 could be recycled for at least six reaction cycles and 
Tagged Ruthenium Alkylidene Complexes
A fairly recent technique for non-covalent immobilisation of homogeneous Ru metathesis catalysts onto liquid supports focuses on the advantages provided by room temperature ionic liquids (RTILs). Applied first in reactions involving RTILs merely as reaction media, in particular in earlier work by Dixneuf et al. using allenylideneRu precatalysts (32-34), the technique was further extended to ionic liquid-tagged catalyst precursors. Thus, several NHC-Ru complexes, in particular the IL-tagged counterparts of the Hoveyda or Hoveyda-Grubbs catalysts, such as 40 (35) , 41 (36, 37) and 42 (38) (40) . In catalyst 44, the IL-tag is innovatively attached through the Ru-chelated oxygen atom. The catalysts were evaluated for RCM of N,N-diallyltosylamide and dimethyldiallylmalonate, conducted in an IL medium, showing moderate recyclability, yet good activity for the first cycle (Scheme VIII).
As an alternative for tagging Ru complexes, the 'light fluorous' versions, 46 and 47, of the firstand second-generation Grubbs-Hoveyda metathesis catalysts have also been proposed (41) (Scheme IX). Catalysts 46 and 47 exhibit the expected reactivity profile, are readily recovered from reaction mixtures by fluorous solid-phase extraction, and can routinely be recycled five or more times. They can be used in a stand-alone fashion, or supported on fluorous silica gel. 
Conclusion
As described here and in Part I (1), immobilisation of well defined homogeneous Ru alkylidene complexes by means of their anionic and coordinative ligands is now a readily accessible, efficient technique, providing active catalysts for metathesis reactions. Immobilisation is achieved on a broad range of solid supports ranging from organic polymers (polystyrene, vinyl polystyrene) to inorganic matrices (silica, mesoporous silica gel, zeolites) and the fashionable ionic liquids. So far immobilisation through NHCs appears to be the most popular approach. Synthetic applications of immobilised catalysts in the metathesis field provide important advantages, among which the most valued are a high catalytic activity and stereoselectivity, simpler, clean and recyclable processes, and low impurity content in the reaction products. Future scale-up to industrial exploitation of the immobilised Ru catalysts is to be envisaged, allowing promotion of sustainable technologies within the framework of 'green' chemistry protocols. An attractive aspect of immobilisation is that it holds great promise for elaborate syntheses of fine chemicals, pharmaceuticals, nutraceuticals and speciality polymers, where a very low residual metal content from the catalyst is a requirement. 
